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670a Wednesday, February 19, 2014full-length. In the same study, it was proposed that linker binding to the ATPase
domain causes a change in the slow step of the ATP hydrolysis reaction by
rearranging the ATPase domain to a conformation where ADP release becomes
the rate-limiting step. Here, we are investigating the molecular details of the
reason of pH dependence and enhanced ATPase activity upon linker interac-
tions with the domain using ATPase domain constructs both in in vitro and
in silico. We observed with molecular dynamic simulations significant
upshift in the pKa values of Asp194 and Asp201 compared to their expected
pKa values as negatively charged residues, and it seems like that protonation
states of these residues at different nucleotide-bound forms are important in
the linker derived conformational changes leading, speculatively, variations
in the Pi and ADP affinities. Our results will be discussed with overall ATPase
rate as well as ADP off-rate measurements on DnaK(1-388) and DnaK(1-392)
constructs.
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Charge-charge interactions have a significant impact on the free energy land-
scape of proteins. The role addition or subtraction of charged groups can
play in the stabilization or destabilization of meta-stable non-native states of
proteins remains relatively unstudied in detail. Problematically, current exper-
imental methods can only indirectly characterize the non-native states of a pro-
tein. All-atom molecular dynamics simulations provide a useful tool for
studying the non-native states of a protein but are limited in scale to the smallest
proteins. Therefore, in order to study effects of charges while ensuring adequate
sampling, we choose to simulate a small, fast-folding model protein, the Trp-
cage, with replica-exchange molecular dynamics. As most simulations use a
neutral end, capped sequence while experiments tend to use a charged end,
zwitterionic variant, we chose to simulate and compare the folding of the
Trp-cage both with neutral, capped ends and in zwitterionic form with a posi-
tively charged N terminus and a negatively charged C terminus. We find that
while the native state of the protein remains relatively unchanged, the equilibra-
tion time for the charged end simulation is much longer, suggesting a rougher
folding landscape. Analysis suggests the formation of meta-stable states char-
acterized by the possession of non-native charge pairs. Furthermore, we also
report an increase in beta-sheet content that cannot be directly explained by
the formation of a specific non-native charge pair, indicating the addition of
charges plays a much more complex role than the direct creation of non-
native charge pairs. We finally use string methods to determine the most prob-
able transition path between non-native meta-stable states and the native state
in order to better explain the factors resulting in the increase in equilibration
time for the simulation.
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Periplasmic binding proteins (PBPs) are large two-domain proteins that are pre-
sent in the periplasmic space of Gram-negative bacteria and they mediate the
uptake of small ligands, for example, amino acids and sugars, from the sur-
rounding environment. After their synthesis in the cytoplasm, forced unravel-
ing of PBPs is essential for their translocation into the periplasm. Atomic
force microscopy based single-molecule force spectroscopy (SMFS) is a versa-
tile technique to study the mechanical unfolding mechanisms of PBPs such as
maltose binding protein (MBP), leucine binding protein (LBP), and ribose
binding protein (RBP). On mechanical stretching, MBP follows a kinetic par-
titioning between two-state and three-state unfolding pathways with 38% of
molecules taking the two-state pathway. The flux through the two-state
pathway further decreases to 21% upon binding to maltose (1). The unfolding
mechanism of LBP is much more complex than MBP. LBP also follows two-
state pathway and three-state pathways during the mechanical unfolding; the
three-state pathways are more diverse in nature suggesting that LBP takes mul-
tiple three-state pathways during mechanical unfolding. Leucine binding influ-
ences the unfolding flux more towards a two-state pathway, increasing it from
38% to 65% (2). Similar studies on RBP show that it also follows kinetic par-
titioning during mechanical unfolding but the percentage of molecules taking
the two-state pathway is very high (~85%). These single-molecules studies
on PBPs reveal that kinetic partitioning seems to be a general feature for theirmechanical unfolding and ligand binding further modulates the unfolding pro-
pensity through these pathways.
1. Aggarwal V, Kulothungan SR, Balamurali MM, Saranya SR, Varadarajan R,
and Ainavarapu SRK, J. Biol. Chem. 2011, 286, pp. 28056-28065.
2. Kotamarthi HC, Sharma R, Narayan S, Ray S, and Ainavarapu SRK, J. Am.
Chem. Soc.2013, 135, pp. 14768-14774.
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The ubiquitin-proteasome system (UPS) is a dynamic cellular pathway
involved in the deaggregation of misfolded proteins through proteasome degra-
dation. Impaired-UPS function is frequently observed in patients afflicted with
neurodegenerative diseases, such as Alzheimer’s disease, Parkinson’s disease,
and Huntington’s disease. Increased oxidative stress has long been implicated
with the pathogenesis of impaired-UPS function by promoting protein mis-
folding and the subsequent protein aggregate formation. Autophagy, a bulk
lysosomal degradative process, mediates the clearance of toxic cellular constit-
uents and protein aggregates via autophagosome formation and increasing
evidence suggests an association between neurodegenerative disorders and
defective autophagy. Therefore, it is crucial to understand the role of oxidative
stress in impaired-UPS function and the sub-cellular source of oxidative stress.
In addition, understanding the mechanism(s) by which autophaghy regulates
UPS function will will allow us to develop novel therapeutics for neurodegen-
erative diseases. Here we demonstrated that rotenone activated nicotinamide
adenine dinucleotide phosphatase (NADPH oxidase or Nox2) and Nox2-
dependent oxidative stress resulted in impaired UPS machinery. Src kinase
was persistently activated by Nox2-dependent superoxide production, which
resulted in further Nox2 activation via p47phox phosphorylation and impaired
autophagy by activating the autophagy repressor mTOR through PI3K/Akt
phosphorylation. Inhibition of Nox2 or Src kinase mitigated excess oxidative
stress, which induced autophagy and rescued UPS function. Our data highlight
NADPH oxidase and Src kinase as possible autophagy modulators and poten-
tial therapeutic targets for common neurodegenerative diseases.
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FT-IR spectroscopic, small-angle X-ray scattering (SAXS) and calorimetric
measurements have been applied to explore the effect of the macromolecular
crowder agent Ficoll on the temperature- and pressure-dependent stability
diagram and folding reaction of the monomeric protein Staphylococcal
Nuclease (SNase). Additionally, we compare the experimental data with theo-
retical predictions. Exploring the crowding effect on the pressure-induced
unfolding of proteins provides insights in Protein stability and folding under
cell-like densely packed conditions. Complementary SAXS measurements
were carried out to explore the suitability of the macromolecular crowder
agent over a wide range of temperatures and pressures. We found that both
temperature- and pressure-induced equilibrium unfolding of SNase is
markedly inhibited in 30 wt% Ficoll solutions. The structure of the unfolded
state ensemble does not seem to be strongly influenced in the presence of
the crowder, however. For comparison, self-crowding effects have been found
to become important at SNase concentrations above 10 wt%, only. In contrast
to the common notion that macromolecular crowding increases the rate of
Protein folding, our kinetic results show that the folding rate of SNase in
fact decreases markedly in the presence of Ficoll. These results indicate
that besides the commonly encountered excluded volume effect, other factors
need to be considered when assessing confinement effects on protein folding
kinetics. Among those, crowder-induced viscosity changes seem to be most
prominent.
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We report a time resolved fluorescence anisotropy (TRA) study of ribosome-
bound nascent chains (RNCs) of Calmodulin (CaM), a prototypical member
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studies, in vitro protein refolding can differ substantially from biosynthetic pro-
tein folding which already takes place co-translationally (1). One challenge is
to characterize the adopted conformations of nascent chains before being
released from the ribosome (2). CaM RNCs of full-length, half-length and of
a structure consisting of the first E-F-hand only were synthesized in vitro.
All constructs contained a tetra-cysteine motif site-specifically incorporated
in the first N-terminal helix which is known to react with FlAsH, a biarsenic
fluorescein derivative (3). As the dye is rotationally locked to this helix, the
TRA decays should directly report on the rotational mobility of the investigated
polypeptide chain. To investigate the scope of this procedure we analyzed TRA
data of the different protein constructs free in solution as well as data of CaM
with/without Calcium added. This enabled us to determine rotational correla-
tion times, to choose suitable rotational diffusion models which fit the experi-
mental data and thereby yield information about the conformational state and
flexibility of the respective constructs. The feasibility of our approach to char-
acterize structural properties and folding states of ribosome tethered, and
released, polypeptide chains is finally discussed.
1. Fedorov, A.N., and T.O. Baldwin. 1997. Cotranslational Protein Folding. J.
Biol. Chem. 52:32715-32718.
2. Katranidis, A., D. Atta, /, J. Fitter. 2009. Fast biosynthesis of GFP
molecules: a single-molecule fluorescence study. Angew. Chem. Int. Ed.
48:1758-1761.
3. Adams, S.R., R.E. Campbell,/, R.Y. Tsien. New Biarsenical Ligands and
Tetracysteine Motifs for Protein Labeling in Vitro and in Vivo: Synthesis and
Biological Applications. 2002. J. AM. CHEM. SOC. 124:6063-6076.
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Helix-turn-helix motifs are valuable models for elucidating the protein folding
mechanism. The de novo designed helix-turn-helix motif ata has been studied
thoroughly in our group by infrared spectroscopy and circular dichroism,
applying site-specific isotopic labels and mutations. This preliminary investiga-
tion of ata has provided detailed site-specific information on its folding mech-
anism, revealing increased stability in the middle of the helices and unfolding
starting from the loose turn and the ends of the helices. The hydrophobic core
contributes significantly to the stability of this little protein. To get further
information on the folding mechanism of ata, provided by additional indepen-
dent probes, Fo¨rster resonance energy transfer (FRET) and differential scan-
ning calorimetry (DSC) were employed to monitor thermal unfolding. FRET
allows for measuring distances within a protein during its denaturation. In
ata, the intrinsic Trp residue in position 2 at the N-terminus and EDANS
attached to the C-terminus served as FRET donor and acceptor, respectively,
so end-to-end distances could be obtained. Thermodynamic parameters of a
protein can be directly measured using DSC. Therefore, these directly obtained
data were used to verify preliminary parameters from spectroscopic measure-
ments. Overall, the results from FRET and DSC measurements were compared
to the preliminary data on ata to refine the proposed picture of its folding
mechanism.
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The two-state model which is generally used to describe the ‘first-order like’
transitions of folding and unfolding of proteins is useful in evaluating thermo-
dynamic parameters. However the implication of two-state model, viz. only
native and unfolded forms exist is questionable when the complexity of the
energy landscape is recognized.
Multiple steps observed during unfolding of a protein can provide information
on the forces that maintain the folded structure. Solvation of the protein core
determines stability, but it is not clear when such solvation occurs during un-
folding. In this study, far-UV CD measurements suggest a simplistic two-
state view of the unfolding of barstar, but the use of multiple probes brings
out the complexity of the unfolding reaction. Near-UV CD measurements
show that unfolding commences with the loosening of tertiary interactions
resulting in a native-like intermediate, N*. FRET measurements show that
N* then expands non-uniformly to form another intermediate, IE. Spectral mea-
surements of the single core tryptophan indicate that both N* and IE retainnative-like solvent accessibility of the core, suggesting that they are dry molten
globules. Fluorescence quenching measurements suggest that the core then
becomes solvated forming a wet molten globule, IL, which precedes the
unfolded form. Anisotropy decay measurements show that tight packing around
tryptophan is lost when IL forms. Strikingly, the slowest step is unfolding of the
wet molten globule, and involves a solvated transition state.
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The phenomenon of inhibitor binding to protein plays a major role in drug dis-
covery. A complete thermodynamic picture of protein unfolding and ligand
binding processes can only be obtained if both pressure- and temperature-
induced protein denaturation techniques are utilized. The mechanism by which
high pressure destabilizes proteins is poorly understood, but there is an
agreement that pressure is an equally important fundamental thermodynamic
variable as temperature. Temperature-induced protein unfolding provides in-
formation about enthalpy and entropy while pressure-induced protein unfolding
- about volumetric properties of the system.
In this work, we present thermodynamic characterization of heat shock protein
90 (Hsp90) ligand binding and the unfolding phase diagram as a function of
pressure and temperature. Hsp90 is an ATPase and a molecular chaperone
responsible for the correct folding of client proteins. Hsp90 is essential for
tumor progression because it maintains client proteins in their active forms.
Inhibition of Hsp90 leads to the simultaneous degradation of these oncogenic
proteins. For this reason Hsp90 has become an anticancer drug target. Hsp90
stability, ligand binding volume, enthalpy, entropy and affinity were measured
by combining the Pressure shift assay, Thermal shift assay, and Isothermal
titration calorimetry. The study has shown that the ligand increased both the
melting pressure and melting temperature, and protein-ligand binding affinity
may be correlated with binding volumes.
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Solutes preferentially excluded from macromolecules can drive depletion
attractions in important biological and colloidal association processes. The
established Asakura-Oosawa theory relates depletion forces to the reduction
in excluded volume and the ensuing entropy gain upon macromolecular
compaction. In line with this theory, cosolute-induced protein stabilization or
favored protein association are often described in terms of entropically driven
‘‘crowding’’, a specific manifestation of depletion interactions. In agreement,
our recent experiments of peptide folding and supramolecular binding suggest
that depletion forces are predominantly entropic for some cosolutes, such as
polyethylene glycol polymers. Surprisingly, however, for other solutes such
as polyol osmolytes, the main thermodynamic contribution is enthalpic, while
the entropic change due to cosolutes can even be unfavorable. To further eluci-
date the molecular basis of this enthalpic depletion interaction, we have been
using both simulations and analytic theory. Monte-Carlo simulations follow
the association of two rod ‘‘macromolecules’’ in binary Lennard-Jones solu-
tions. By dissecting the free energy change upon approach of the two macro-
molecules into the respective enthalpic and entropic components, we find
that different cosolutes show distinct contributions to their macromolecular sta-
bilization effect, implying different thermodynamic driving mechanisms.
When considering intermolecular interactions beyond hard-cores, not all coso-
lutes conform to the established model, and even for these simple, nonassocia-
tive liquids, depletion forces can be completely enthalpic in nature. We discuss
and analyze this newly resolved mechanism for depletion forces that originates
from intermolecular interactions and solvent restructuring. Finally, a mean-
field theoretical model based on the Flory-Huggins solution theory comple-
ments the simulation analysis.
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Isotopically-edited IR spectroscopy can provide detailed site-specific informa-
tion about the protein folding mechanism. With our equilibrium unfolding
studies of two simple helix-turn-helix (hth) proteins using circular dichroism
and 13C isotopically labeled infrared spectroscopy, we incorporated this
